Abstract
Introduction
Research on students' conceptual knowledge of chemistry has been largely based on the constructivist view of knowledge (Bodner, 1986; Osborne and Witrock, 1983) . In this view, the students build cognitive structures based on their own understanding (Nahkleh,1992) and hence since the students construct their own views of concepts, their construction of chemical concepts sometimes differs from that held by the generality of the scientific community (Treagust,1988) . Research to reveal these alternative conceptual frameworks (Driver,1981) has been carried out by many researchers like Bradley et al, 1990; Renstrom, 1990; Ogunniyi, 1991; Banerjee,1991; Ogude and Bradely, 1994; Treagust and Niaz,1995; Themas and Shuenz,1998 . The results of research have been used to improve the teaching and learning of chemistry for example, in modifying the curriculum (Blanco and Prieto, 1997), to formulate examination questions (Treagust, 1988) and to design exemplary teaching materials (Bradely, et al, 1990) . Conceptual understanding difficulties, however, cannot be addressed if the strategies do not take into account the fact that daily social experiences that students have, contribute to inaccurate conceptions about diverse scientific phenomena (Ogunniyi, 2000) . Furthermore, Driver and Erickson (1983) concluded that learners construct conceptual frame works for interpreting natural phenomena on the basis of previous experiences. Acknowledging the influence of social experiences (Ogunniyi, 2000) and previous experiences (Driver and Erikson, 1983) , on the process of learning, means that research on conceptual understanding has to be carried out within the context of the learner for the results to be more meaningful.
Research on conceptual understanding has been criticised by various other researchers. Cohen, 1996 and Gil-Perez, 1996 opined that this type of research tends to result in conceptual reductionism (Gil-Perez, 1996) . Such an approach limits science education to the learning of science concepts only, yet there is a plethora of other crucial factors like epistemology, conceptions of how knowledge is constructed and views about the nature of science, (Nos), (Gil -Perez, 1996) , that also influence the way Science is learned. Research on conceptual understanding has been criticised because it isolates the students from other domains of knowledge, (Fensham, 1983) and does not view the fact that the classroom is a complex sociocultural environment (Cobern, 1996) . Consequently, research on conceptions just focusses on conceptual learning without considering the learning environment. Furthermore, studies examining cultural influences on learning Science have shown that culture controls both the teacher and the learners' understanding of Science (Krugley-Smolska, 1995; Lynch and Jones, 1995 and Maskill, et al, 1997). The results obtained by Lynch and Jones (1995) show that Science Education needs to be viewed in the context of the worldview in which both language and culture affect concept learning and understanding. Over the years Qatar has increasingly used a foreign Science curriculum, which uses English language as a medium of interaction. Such curriculum could be described as culturally insensitive (Ogunniyi, 1997) and hence may fail to address the learning difficulties of Qatari and other foreign students effectively.
Apart from misconceptions, there are other reasons that affect students' performance in Chemistry. As a result, strategies based on the research findings of conceptual research on their own will have little effect on the improvement of subject performance, (Zoller, 1990) . The chemistry content has ….' many abstract, non-intuitive concepts which are not directly related' (Zoller, 1990) . Nahkleh (1992) also concluded that the problems with freshman chemistry were caused by lack of proper introduction to students, of fundamental chemical concepts like matter resulting in students failing to grasp advanced concepts. The above studies demonstrate clearly, the need for a comprehensive approach to teaching and learning chemistry. Focusing on individual aspects without taking into account the whole puzzle will continue to result in poor performances in chemistry. Often, when teachers are introduced to some of the strategies like active learning approaches and context led teaching, they agree that the strategies are good and would improve understanding but in the same manner, they would vibrantly discuss other subject issues that they think are more pertinent. These factors must be taken into account even though the primary task would be to introduce active learning approaches and they need to be investigated in context.
Purpose of the study
The main purpose of this study was to identify the areas or topics in the secondary school chemistry curriculum which students and teachers consider difficult. Specifically, this study aimed at identifying the content areas in the chemistry curriculum at the IGCSE level, which the students find difficult. The data obtained will help improve student understanding of concepts, help teacher planning and lesson preparation and make the teaching and learning of the students more meaningful and productive.
The following research question was addressed:
What are the causes of poor performance in chemistry as perceived by igcse chemistry students and teachers?
Methodology
Thirty (30) students from one school were the subjects of the study due to the ease of accessibility to the researcher. The study made use of information gathered through a structured questionnaire given to year 11 students, (in their final year of the two year course).
Interview questions were used to collect data from 4 teachers in the same school and from year 11 students through a focus group discussion. Interviews and focus group discussions were audio taped and later transcribed verbatim.
An objective multiple-choice test was also administered to determine those sections in which the students would score low marks. The test was piloted to verify the readability of the questions. Interviews were used to clarify issues identified in the questionnaire and the multiple-choice test.
The student questionnaire was designed by the researcher and piloted to a sample similar to the one involved in the main study. The questionnaire consisted of a series of syllabus objectives per topic in which students indicated their options on a five-point likert scale with responses ranging from 1= Not studied, 2= Very Easy, 3= Easy, 4= Difficult and 5= Very Difficult. A reliability test was carried out on the instrument and Cronbach's alpha was .935 which is considered adequate. Frequencies and means were calculated for each response.
The chemistry teacher's views were based on their empirical experiences of how students viewed chemistry as a subject, the topics/ concepts their students found difficult to learn and master and consequently those that they found difficult to teach. The teachers were asked to give reasons for the difficulties from their perspective. The students provided information about the difficult areas and reasons as to why the topics were seen as difficult. Students gave insights into how they perceived how they were taught in the subject.
Findings and discussion
Students and teachers were asked to describe topics and specific concepts that they found difficult to understand. The percentages of students and teachers indicating the topics are given in table 1. From the table, it can be observed that the teachers rank difficult topics as the mole concept calculations (64%). This was also mentioned by the students; electrolysis and half equations (51%); chemical and ionic equations (39%) which were noted by the teachers as well; drawing of displayed formulae (68%); experimental work (59%) which was not mentioned by the teachers; chemical equilibrium shift (59%) and oxidation -reduction (redox), 63%.
Furthermore, students and teachers were asked to explain why these topics were perceived as difficult. While questionnaires and interviews were used to collect the data, this data is discussed in sections that emerged from the survey which are: nature of subject, prior experiences, mathematical efficacy, teaching and learning processes and the role of the language of instruction. 
Prior knowledge
According to Treagust et al, (2000) , there is overwhelming empirical evidence in the literature that what students already know is the key factor in learning. Usually students' preinstructional conceptions provide frameworks that are not in accordance with the science conceptions to be learned.
All the four teachers agreed that students have difficulty mainly because of their weak background at key stage 3 level. The teachers indicated that students came into the key stage 4 phase with an inadequate conceptual understanding of basic Science knowledge. Of the total students who participated in the study, 13 of them agreed that they had not been screened at the beginning of their course (end of year 9) and 18% of them had their final year 9 grade below 60% which is a level 3 out of 7. A few students came from other schools with different curriculum systems. This could explain why the students found the subject difficult.
Students lamented that sometimes their teachers did not focus much on preparing them for key stage 4 Science "because they did not teach key stage 4 classes they did not know the important things for key stage 4.…" So, while the importance of key stage 3 science in laying the foundation cannot be overemphasised, it is worthwhile to scrutinise the nature of Science. .0 All teachers concurred that students would still select Chemistry due to it being a conditional subject for their career choices. Students indicated that Chemistry was demanding in terms of concentration, time, its abstract nature and that is why they did not find the subject easy.
Nature of the subject
In figure 1 .1 the abstract nature of the subject was further confirmed by the fact that students expressed anxiety with writing of equations (ionic) (66.6%), prediction of products at the electrodes and representing displayed formulae of monomers and polymers. In electrolysis, students indicated that they could not understand how ions moved as it … 'was hard to visualise how ions moved from one electrode to another".
More so, all the 4 four teachers agreed that the subject used a lot of calculations and often students did not have a formula sheet with the question paper and this discouraged the students in studying the subject. Furthermore, students had also indicated that mole calculations were very difficult to understand, hence in the end, they tried to memorise the formulas and procedures that would help them get the answers correct without necessarily understanding what was going on. Students added that they sometimes needed a lot more time to practice questions on calculations, however these were almost present in every chapter and that puts a lot of pressure on remembering formulas. Some students (8%) also indicated that the teaching of moles could have been done using a practical approach so that they could follow what was going on instead of simple manipulation of numbers in class. It is important to mention that while calculations are an integral part of the subject content, they cannot exist in isolation to the theoretical aspects of the subject and the related practical work.
Teaching process
The results of the focus group discussion were based on students' answers to the question, why they found the concepts difficult. The responses were grouped under teaching practice and with strongly emerging factors of curriculum mapping and teaching processes. Students concurred that being in an international school teacher came and left the school inadvertently, not necessarily at the end of their contracts.
The consequences of frequent teacher turnover to a school can be catastrophic. It can adversely influence curricular and program continuity, result in a negative shift or sustainability of schoolwide initiatives, and cause a serious loss of the dynamic stability and continuity of the important relationships that exist among teachers, students, and other school community members and present obvious negative effects on schools operating budgets (Mancuso, 2010; Wu, 2012) in Tkachyk, L, 2017 pp 14. This means a lack of continuity in syllabus coverage such that a replacement teacher usually has a different if not divergent approach to the previous one. Some went on to say that in such instances there was no order in the teaching of topics and sometimes this made it difficult to connect the concepts in a logical manner.
"The curriculum is a sophisticated blend of educational strategies, course content, learning outcomes, educational experiences, assessment, the educational environment and the individual students' learning style, personal timetable and programme of work", (Harden, R, M,2009). Curriculum mapping assists staff and students by displaying the key elements of the curriculum, and the relationships between them. Students can identify what, when, where and how they can learn. Staff can be clear about their role in the big picture. The scope and sequence of student learning is made explicit, links with assessment are clarified and curriculum planning becomes more effective and efficient, which means that any new member of the department will simply follow what is laid down.
Lack of experimental practical work
Students lamented their lack of practical experiences in some topics and teachers also agreed that experimental work was usually a challenge given the numbers of students in each class, the size of some rooms and the lack of trust of the students to independently follow a set of instructions from the teacher within the given time. Classes have a maximum of 25 students especially in key stage 3, however the Science rooms were designed to cater for 18 students comfortably. The performance of experiments would be a slightly challenging feat. It is however important to carry out experiments with students since they have a paper 2 examination with a bias towards experiments. Students also indicated that some teachers simply read what was in the textbooks without much explanation.
Trna, J, (2014), opines that the experiment is a strong educational tool, which plays a crucial role in science education (p.9). He goes on to say that this is due to the decisive role of experiments in science research and the cognitive importance of experiments in science education. That is why science teachers' professional competence in using science experiments for teaching/learning science is a very important part of their education (Trna, 2000) . Teachers' skills in experimentation play a crucial role overall and are a very important part of their pedagogical content knowledge (PCK) and continuous professional development (CPD). Experience in the use of science experiments is an integral part of the individual PCK of every science teacher (Royer, Cisero, & Carlo, 1993) as cited in Trna, 2014. A crucial point of science teachers' professional competence in using experiments should be their motivation for experimentation. Teachers felt that they could demonstrate some experiments in order to overcome logistical challenges, however students expressed interest in doing the experiments hands-on. It is clear that students believe that if they could perform experiments during lessons, this would enhance their retention of concepts.
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Mathematical efficacy
Teachers and students concurred that mathematics was important in Chemistry and more so teachers felt that some students tended to compartmentalise the subjects such that ratios in mathematics were perceived differently to ratios of moles in Chemistry.
According to Furner and Kumar, 2007, more and more educators are coming to realize that one of the fundamental problems in schools today is the "separate subject" or "layer cake" approach to knowledge and skills. Often students cannot solve problems because they do not understand the context in which the problems are embedded (Frykholm & Glasson, 2005) , however they go on to suggest that, "if done properly, integration of math and science should bring together overlapping concepts and principles in a meaningful way and enrich the learning context." This suggests that there is a need to integrate math and science for the acceleration of transfer of learning between both subjects. This also means that teachers, upon realising that students have not transferred their learning math's skills to Chemistry, must emphasise the fact that mathematics is a tool used to quantify variables through concrete student activities in science classes, hence the need to link to practical work.
The role of language
The research was done in an international school, with students from a diversity of cultures and backgrounds. One striking feature is that most of these students (>80%) speak English as a second or third language. Arabic is the mother tongue of most students and teachers also confirmed that the language issues contributed to the difficulty of the subject content. Teachers explained that students could not sometimes, discern the key words in the questions, hence they gave somewhat irrelevant answers. One teacher stated that…" students' answers to descriptive questions are often poorly answered". Students explained that although they understood the content, it was always difficult to understand what the question required them to do.
Mammino, L, (1998) stated that, "Science students experience difficulties with the language of science all over the world", and moreover, "students using a second/foreign language as a medium of instruction experience the additional difficulties related to such use". The overall combination of the language-related problems is probably the major cause of the difficulty's students encounter in their approach to scientific subjects. This suggests that teachers must unpack keywords, during lessons, work on literacy by way of command words used in the subject, identification of underlying key words in questions and other retention enhancing methods.
It is also vital for teachers to be cognisant of the fact that Chemistry is commonly portrayed at three different levels of representation -macroscopic, sub microscopic and symbolic -that combine to enrich the explanations of chemical concepts (language), Treagust et al, (2010). While Wu, H et al, (2003) opine that chemists represent sensory experiences by atoms and molecules, and translate them into symbols and formula. However, understanding microscopic and symbolic representations is especially difficult for students. Students' difficulties have been attributed to several factors, such as the aperceptual nature of atoms and molecules (BenZvi, Eylon, & Silberstein, 1986), students' incomplete or inappropriate mental models (Kozma et al., 1996; Williamson & Abraham, 1995) , and discrepancies between school science and students' real-life experience (Osborne & Freyberg, 1985) as cited in Wu, 2003. Teachers must exploit as many opportunities as possible to link the symbolic, to the micro and the macroscopic language, hence the importance of exposing students to practical work including predictions of outcomes and the reasoning or explanations of such using equations. Word walls can also assist student memory as they are constantly in contact with the words every time they come into the room. Students can only understand when they can transit through the different forms of representation of the chemistry language with relative ease and comfort.
Conclusion
The study explored the causes of poor performance in chemistry at the IGCSE level. It is concluded that according to the teachers, the subject has many abstract concepts and the situation is even worse when the students are second language learners. Chemistry also uses the micro and symbolic forms of language which pose a significant hurdle for the students to explain phenomena at the macroscopic level (the triplet). Teaching must then be geared towards helping the students to make connections between these three forms.
Students must interiorise, process ideas and then verbalise their thoughts which is no mean feat for second language English speakers. Language poses a huge threat to understanding of concepts. Teachers and curriculum developers need to look at ways of making content more accessible to non-native English speakers.
Mathematical efficacy is a necessary requirement in the subject. There is a need to look at inter-curricular links especially with Mathematics so that learners can easily transfer and apply process skills to science subjects. Subject planning must also take into account students' prerequisite mathematical knowledge in the different topics.
It must also be mentioned that poor planning in terms of curriculum mapping, learning and teaching processes has compounded the issue of subject difficulty. Long term plans must give detailed information on what is to be studied and exemplar practical activities for each section. Practical activities should be suggested for concept development and consolidative purposes. Teacher mobility in international schools is a global phenomenon which should not be a cause for concern if long and medium term teaching plans are properly executed and reviewed constantly as per the requirements of specifications. It is also important to target further research on misconceptions and their origins in the topics of appreciable difficulty as determined in this study, such as the mole concept, electrolysis and others in the context of language.
